Combined sedimentary facies, geochemical analyses and pollen spectra from lake records and sedimentological and palynological studies from slope deposits allow the characterization of vegetation and lake level status during glacial times in the central Ebro valley (NE Spain). These records show the presence of some increased effective moisture periods while regional vegetation was dominated by steppe taxa. The longest lake record comes from La Salineta, one of the saline lake in the Los Monegros area; the other lake sequence comes from a sinkhole in the Gállego river floodplain. The slope deposit from
INTRODUCTION
Evidence for higher-than-present lake levels and steppe vegetation during the millennia around the Last Glacial Maximum have been described in several records from the northern Mediterranean, particularly the central and eastern regions (Prentice et al., 1992; Roberts & Wright, 1993; Yu & Harrison, 1995) . The apparent conflict between semi-arid conditions indicated by the pollen assemblages and increased effective moisture as shown by lake level reconstructions has been solved by postulating changes in rainfall seasonality as the main factor controlling moisture availability and vegetation. The drying effect of the cold North Atlantic Ocean during glacial times could be counteracted in this paleoclimate scenario characterized by summer-dry and winter-wet regime and an increase in the storm frequency under a southward-shifted jet stream (Prentice et al., 1992) . In the eastern Mediterranean there are also evidences for high lake levels in Lake Lisan (the precursor of the Dead Sea) (Stein et al., 1997) . In Soreq Cave (Israel) during the 25-17 ka BP period, a substantial growth of speleothems occur, in contrast with many studies that show zero to very little growth in northern countries during glacial times (Bar-Mattews et al., 1997) .
The evidence for high lake levels in some of these records from eastern sites (Lake Ioannina and Lake Xinias in Greece, for example) has been challenged recently and it has been suggested that both pollen and lake level record indicate dry climate conditions during the LGM in the Mediterranean (Tzedakis, 1994; Digerfeldt et al., 2000) . In most of the Mediterranean region there is a shortage of accurate data, both reliable paleohydrological proxies as accurate radiocarbon dates, and at present, regional reconstruction are heterogeneous and sometimes contradictory. More records need to be available to allow reconstruction of glacial climate in the Mediterranean. To contribute to this purpose, we describe in this paper several records from northeastern Spain containing deposits from glacial times.
Glacial pollen spectra from Spanish sites are characterized by Artemisia, grasses, Chenopodiaceae, Asteraceae and Ephedra distachya (Navarrés, Carrión & Dupré, 1996;  Padul, Pons & Reille, 1988; Banyoles, Pérez-Obiol and Julià, 1994; Carihuela Cave, Carrión et al., 1998) as in many full-glacial floras from other European records Allen et al., 1999) . In Banyoles, the Artemisia steppe vegetation during the LGM reflects cold and arid conditions (Pérez-Obiol & Julià, 1992) , although the presence of laminated, relatively deeper lacustrine facies and a sharp negative δ 18 O excursion suggests increased water balance in the lake (Valero-Garcés et al., 1998) . In the Mediterranean regions of the Iberian Peninsula, available effective moisture has been a major factor controlling vegetational and environmental changes during the Lateglacial and Holocene (Huntley, 1988; Huntley & Prentice, 1993) . This is particularly true in semi-arid regions as the central Ebro valley, the most northerly area of truly semi-arid climate in Europe. Environmental, vegetational, cultural and climate conditions in the Central Ebro valley during glacial times are unknown due to the lack of paleorecords covering that period. Archaelogical sites ascribed to Lateglacial times (Magdalenien) occur in the Pre-Pyrenees, in the Iberian Range and in strategic sites as natural corridors between the Spanish Central Plateau and the Ebro Basin, or close to thermal areas (Utrilla & Rodanés, 1997) . The absence of Lateglacial archaelogical sites in the Ebro Basin has been traditionally explained as a combination of the low impact on the landscape of the gatherers-hunters and the disappearance of the sites by erosion and burial.
Although there are numerous lacustrine records in the Spanish Central Pyrenees (Montserrat, 1992; Jalut et al., 1992) , and in the Ebro valley (Davis, 1994; Valero-Garcés et al., 2000a,b,c) , most of them only cover the Lateglacial and Holocene history of the region. Basal AMS 14 C dates from glacial lakes associated to moraines in the Gállego river headwaters indicate that the upper Gállego River was already deglaciated during the global Last Glacial Maximum (18-20 kyrs) , and that mountain vegetation was a cold steppe.
Lake sequences from the abundant saline lakes in the Ebro basin could potentially provide long records including glacial stages. Several studies have shown the potential and limitation of lacustrine records in the Ebro Basin for paleoclimate reconstructions (Davis, 1994; Burjachs-Casas et al., 1996; Schütt, 1998; Valero-Garcés et al., 2000 a,b,c) .
Paleoenvironmental and paleoclimatic interpretations of these records are complicated by the presence of numerous hiati, caused by deflation and erosive processes, and the complexity of evaporite deposition and early diagenesis.
In this paper we present palinological, sedimentological and geochemical data from two lake records and one slope deposit in the Central Ebro valley that include sedimentary units deposited during glacial times (18-30 ka) and we integrate them with available glacial paleorecords from the Ebro Basin. The longest lake record comes from La Salineta, one of the saline lake in the Los Monegros area; the other lake sequence comes from a sinkhole in the Gállego river floodplain, close to the town of San Juan de Mozarrifar. The slope deposit from Valmadrid is the only periglacial deposit found in the central Ebro valley. Our data indicate that -at least for some intervals during full glacial times -when cold steppe vegetation dominated the region, some lakes experienced more positive water balance than today and run-off was also considerably higher. The similarity of these results compared to paleoclimate reconstructions from the central and eastern Mediterranean regions favors changes in seasonality as the main factor driving moisture availability in the Mediterranean.
GEOGRAPHIC AND CLIMATE SETTING OF THE CENTRAL EBRO VALLEY
The climate in the Central Ebro valley is Mediterranean with a strong continental influence, and it is characterized by very hot summers, cold, dry winters, and low rainfall (300 -350 mm/yr, Capel-Molina, 1981) (Fig. 1A) . The high insolation and evapotranspiration (1000 -1500 mm/year), and the prevalence of strong dry NW winds also contribute to a water deficit through the year, especially during the summer. Rainfall is irregularly distributed, although spring and fall precipitation accounts for more that 70 % of the total annual rainfall. The central Ebro valley is a steppe, mostly dedicated to agriculture, with some small areas dominated by Pinus halepensis, Quercus coccifera, and Juniperus (Blanco et al., 1997) .
The Central Ebro valley contains many shallow, saline lake basins, particularly in the central plateau of Los Monegros and in the Bajo Aragón area (Pueyo-Mur, 1979 ; Figure 1B ).
The brines are of (Cl -)-(SO 4 = ) -(Na + ) -(Mg 2+ ) type and undergo strong seasonal oscillations in concentration because of groundwater input, evaporation and progressive salt precipitation. The genesis of the depressions has been related to dissolution of the Tertiary evaporite substrate, preferential water circulation through fault lines, differential erosion, and surface deflation (Pueyo-Mur, 1979; Benito et al., 1998; Sánchez-Navarro et al., 1998 Halophytes surround the shore and algal mats cover the lake bottom and are more visible when the halite crust re-dissolves with the autumn rains.
The San Juan de Mozarrifar Sequence is located close to the city of Zaragoza (220m a.s.l., 41°44'35'' N and 2°51'50'' W), in the Quaternary floodplain and terrace deposits of the Gállego river, a tributaire of the Ebro river. The fluvial deposition of the Gállego River in this area has been strongly influenced during the Late Quaternary by subsidence and collapse processes affecting the underlying Miocene gypsum and evaporite substrate (Benito et al., 1998) . As a consequence, the Gállego terrace system is complex, with large thickenings of the fluvial deposits, large-scale deformation structures and smaller topographic depressions, some of them still active (Benito et al., 1998) . Due to the incision of the Gállego river channel 
METHODOLOGY
An outcrop with paleolake sediments located in the southeastern cliff of La Salineta was described and sampled every 10 cm in 1991 (Davis, 1994) . The analyses performed in this 465 cm long section included pollen, charcoal, macrofossils and geochemistry, and the results are described in detail elsewhere (Davis, 1994) . A new 8 m long core was drilled in the cliff close to the previous section. It provides the longest lacustrine record available in the central Ebro valley. The core reached the substrate composed of Miocene Limestone. The sediment core was split, described, and sampled for organic matter, mineralogy, geochemistry, stable isotope, and pollen analyses following methods described elsewhere (Valero-Garcés et al., 2000b) . Sedimentological and geochemical analyses provided the basis for facies identification and unit definition in the core. No terrestrial organic remains were found in the core, and the chronology is constrained by four AMS 14 C dates on organic matter concentrates. The San Juan de Mozarrifar lacustrine sequence and the Valmadrid slope deposits were measured and described in the field and sampled for pollen studies and radiocarbon dating.
RESULTS

CHRONOLOGY
Reliable chronologies for saline lake sequences in the Ebro basin have been hindered by the scarcity of terrestrial macrofossils for radiocarbon dating (Davis, 1994; Burjachs-Casas et al., 1996; Schütt, 1998; Valero-Garcés et al., 2000) . The presence of large organic remains in the San Juan de Mozarrifar sequence is a unique occurrence. A minimum conventional radiocarbon age of 28000 14 C yr B.P. was obtained from a conifer trunk in this sequence (Table 1) . Organic macrorests were very scarce in La Salineta. Chenopodiaceae seeds from the upper 20 cm of the La Salineta section (Davis,1994 ) gave a modern AMS age likely caused by soil contamination, and consequently the chronology of this section is unknown.
The presence of Fagus at the base of the section (320 cm) suggests a Late Holocene age.
Fagus does not appear until 3.0 Kyr at other sites like Salada Pequeña and it is not found at any of the early Holocene sites in the Ebro Basin (Davis, 1994) . The earliest Fagus appears on the Spanish side of the Pyrenees is around 5 Kyr (Montserrat, 1992).
The upper 2 m of the La Salineta core are affected by farming and modern edaphic processes and, consequently, were not sampled because carbon contamination is likely. The only organic macrorest found in the core was located at 184-186 cm depth and it provided a modern radiocarbon age. Because the organic matter content was also very low, bulk samples were treated as palynological samples to concentrate the organic particles and to check under the microscope the composition of the remaining organic fraction. Pollen grains were very scarce and the organic fraction was mostly composed of micro-charcoal particles.
An internally consistent chronological framework has been developed, based on several AMS 14 C dates. The validity of these dates has to be discussed, particularly related to hard-water effects and contamination by old carbon. The presence of lacustrine organic matter remains and aquatic plant pollen in the samples could produce a hard-water effect. Although it cannot be completely ruled out, hard-water effects are unlikely in these samples, since they seem to be mostly composed of charcoal and the aquatic organic fraction is mostly destroyed during the treatment. The microscope checks of the concentrates indicate that the presence of unidentified particulate organic matter is very small. The age of the upper sample (209-211 cm depth) is too old compared with the underlying samples and its validity is arguable. The coarser, more massive nature of the sediments suggests increased aeolian activity in the upper units and that could have resulted in contamination from older carbon particles. This sample has not been included in the chronological framework constructed for this paper. Five main sedimentary units have been defined in the La Salineta core based on sedimentological, lithological and geochemical criteria (Fig. 3) . Depositional environments for saline lake sediments can be identified integrating a variety of criteria (see Valero . Although only this sequence has been dated, geomorphological criteria suggest their genesis was temporarily restricted to discrete periods. Higher evaporite dissolution and subsidence rates are related to periods of increased river discharge (Benito et al., 1998) . Although the dating of this sequence is not accurate, provides an example of the occurrence of periods of increased river flow in the Pyrenean rivers at times of "full-glacial" conditions in northern Europe. An AMS 14 C date of a pollen concentrate provides an age of 17100 ± 85 14C yr B.P. for the onset of the scree formation. The presence of some taxa as Phillyrea, seems noncompatible with the cold conditions needed for the scree formation. However, an increase in continentality and seasonality could explain the presence of periglacial activity during the very cold winters and the occurrence of taxa as Phillyrea during the relatively warmer summers, particularly in some more protected, southern slopes areas of the region.
DISCUSSION AND CONCLUSION
Combined sedimentary facies, geochemical analyses and pollen spectra from lake records and sedimentological and palynological studies from slope deposits allow the characterization of vegetation and lake level status during glacial times in the central Ebro valley. These records show the presence of some increased effective moisture periods while vegetation was dominated by steppe taxa. Genesis of sinkholes in the central Ebro basin is related to increase dissolution of the evaporite and carbonate substrate (Benito et al., 1998) .
Some depressions in the Ebro valley originated during the Lower and Middle Pleistocene. 
TERMINO INTERESTADIAL ES LO MAS APROPIADO EN ESTE CASO?) event between
30,000 and 27,000 years B.P. in Mediterranean Spain. However, Carrión et al (1998) do not find any expansion of Quercus in the Carihuela Cave (Granada, Spain) during the interPleniglacial zones and they consider than the Quercus expansion in Banyoles is not more prominent than other peaks in the middle Würm at Padul (Pons & Reille, 1988) . The ascription of these small peaks in mesothermophilous taxa to major warming events is still debatable.
La Salineta lake also originated during glacial times (prior to 23900 ± 140 14 C yr B.P.)
due to karstification of the underlying Miocene limestone. The base of La Salineta (unit 5) reflects the highest effective moisture period of the whole sequence. Hydrological modeling indicates that because of the low-permeability of the substrate La Salineta closed-basin is very sensitive to changes in groundwater recharge (Samper-Calvete & García-Vera, 1998) . In modern conditions, an increase in groundwater recharge from 20 to 50 mm/yr would increase the discharge to the lakes to equal the estimated maximum evaporative capacity and would cause a remarkable water-table rise. Changes in the evaporation ratio would also have a large impact on the water balance. This period of relatively freshwater conditions (Unit 5) was followed by another of increased chemical concentration of the lake waters (Unit 4). This period of more negative water balance in the lake represents the lowest effective moisture period in the whole record, and according with the preliminary chronology, also corresponds to full glacial conditions (prior to 21 ka).
There are several evidences for wetter conditions in the Mediterranean than in northern Europe during glacial times. Using the best analogs method, Peyron et al (1998) reconstructed the LGM climate of Europe from pollen data. South of the Pyrenees-Alps, temperatures of the coldest month were -15 ± 5ºC and annual mean temperature was -10 ± 5 ºC; the available moisture index and annual precipitation were lower than present (-20 % and -600 ± 200 mm, respectively) . The reconstructions show that the Mediterranean region was relatively wetter than northern Europe during the LGM. A succession of temperate and cold environments in the Iberian Peninsula during a portion of the last glacial period (50-30 ka) has been interpreted from pollen spectra from marine cores off-shore Portugal (Sánchez-Goñi et al., 2000) . Available terrestrial records lack the resolution to identify the impact of to equilibrium such that evapotranspiration during the wet periods (winters) conserves enough water to survive through dry periods (summer) (Prentice et al., 1992) . Lake levels in shallow lakes dominated by surface aquifers are particularly sensitive to changes in run-off from the catchment. A soil water-balance model (Prentice et al., 1992) showed that combining winter cooling with a redistribution of the same total annual precipitation (increase in winter and decrease in summer) and potencial evapotranspiration can increase run-off at the expense of soil moisture causing an increase in percolation and lake levels and a reduction in vegetation cover.
GCMs experiments indicate that temperatures in the Mediterranean region were 5-10 ºC lower than present in winter due to strong westerlies from the cold North Atlantic, and only 1-3 º C lower in summer because of local heating and weaker westerlies . Harrison et al (1996) Portugal based on dinoflagellate cyst (Boessenkool et al., 2001) . As the jet stream retreated northward, the source of additional winter precipitation was removed and annual precipitation remained low because of the cold North Atlantic; lake levels in eastern Mediterranean fell to a minimum during Late glacial times. In Iberia, the Lateglacial effective moisture fluctuations have been linked to a southwards displacements of the Atlantic oceanic polar front, the Azores high and the Mediterranean winter belt (Harrison et al., 1996; Gasse 2000) .
The paleoenvironmental reconstructions from these three records from NE Spain show the occurrence of periods of increased effective moisture and run-off in the central Ebro valley during glacial times when vegetation was a cold steppe. The data are coherent with the hypothesis that -at least for some periods-the ice-age climate of the western Mediterranean was characterized by cold winters, relative intense winter precipitation and summer droughts. 
